A genomic cosmid clone for human sex hormone binding globulin (SHBG), a liver-secreted plasma glycoprotein that binds sex steroids, was isolated with a previously characterized liver cDNA as probe. Southern blot analysis of genomic DNA indicated that only one SHBG gene is present in the human haploid genome. A 3.8 Kb Xba I-fragment of the clone containing the entire coding region of SHBG was sequenced. The SHBG gene has 8 exons. The 5'-end preceding the translation start site had no TATA box or CAAT box promoter elements. Screening of a human testis cDNA library resulted in the isolation of two distinct cDNA forms. One cDNA was identical with the previously characterized liver SHBG cDNA, thus suggesting that human SHBG and the androgen binding protein (ABP) produced by Sertoli cells are coded for by the same gene. The second cDNA differed from the first by having exon I exchanged with a completely different sequence and exon VII deleted. An exon coding for the 5'-end of this cDNA was found in the cosmid clone 1.5 kb upstream of the first SHBG exon. Primer extension experiments showed the alternatively spliced transcript corresponding to the second cDNA to be present in both liver and testis. From the primary structure of this putative SHBG-gene-related protein, it may be deduced that it is a protein very different from SHBG and probably without steroid binding activity.
INTRODUCTION
Human sex hormone binding globulin (SHBG) is a plasma glycoprotein that binds several sex steroids with high affinity such as dihydrotestosterone and testosterone (1, 2) . SHBG in plasma is a dimer of two essentially identical monomers, the dimer binding only one steroid molecule (2, 3) . The primary structure of the human SHBG monomer has been determined both by amino acid sequencing (4) and from liver cDNA sequences (5) (6) (7) . It is a single peptide of 373 amino acids probably containing three carbohydrate side chains.
Isoelectric focusing has shown human SHBG to be heterogeneous (8) (9) (10) (11) (12) (13) , a heterogeneity probably reflecting a slight variation in the structure of the monomer, which is demonstratable by SDS-PAGE ( 10, 12, 13) and amino acid sequencing (4, 12, 13) . Furthermore, the monomer sizes define two structural variants of SHBG present in the general population (13) . The cause of the SHBG-monomer heterogeneity as well as of the difference between the population variants has not yet been fully clarified, although it may be differences in glycosylation ( 9, 10, 12) .
Human SHBG has been shown to be produced by the liver (14) , which is thought to be the source of SHBG in plasma. The Sertoli cells of the human testis produce a protein, generally referred to as androgen binding protein (ABP) (15) . In the human the testis protein (ABP) is not so well characterized as the plasma protein (SHBG), though the two proteins have been shown to have many characteristics in common (16) . Although the rat lacks plasma SHBG, its ABP, which is better characterized than the human protein and has been cloned (17) , has an amino acid sequence that is 68% identical to diat of human SHBG (18) . This finding may suggest that human SHBG and human ABP are the same proteins, produced in two different organs but originating from the same gene. To test this we have cloned and sequenced the human SHBG gene and also characterized the gene transcripts in liver and testis.
MATERIALS AND METHODS

Reagents
Radioactive nucleotides were obtained from Amersham (Aylesbury, Bucks, UK). The M13 mpl8/mp 19 vectors and oligo (dT)-cellulose were obtained from Pharmacia (Uppsala, Sweden) and Sequenase® was purchased from United States Biochemicals (Cleveland, OH). Biodyne® nylon membranes were supplied by Pall Biosupport Division, Glen Cove, NY. A human testis cDNA library cloned in lambda gt 11 was purchased from Clontech (Palo Alto, CA). All other enzymes were obtained from IBI (New Haven, CT) if not stated odierwise. Oligonucleotides were synthesized by the phosphoramidite mediod employing an Applied Biosystems model 380A DNA synthesizer (Foster City, CA) and purified by three diethylether extractions followed by ethanol precipitation. The following oligonucleotides were synthezised for use in hybridization and/or primer extension studies: oligonucleotide A, GGCCCATCCCTGGCGGGTGTG (complementary to sequence A in Figure 5 ); oligonucleotide B, GCACTGCGGGGGAGCCTTTGA (complementary to sequence B in Figure 3) ; and oligonucleotide C, GGGGTTCTTAGGTGGA-GCTTTAATGGG (complementary to sequence C in Figure 5 ). The cloning of the SHBG cDNA (SHBG I cDNA) used in this work has been described previously (5) .
Preparation of radioactive probes
Restriction fragments of SHBG cDNA for use as probes were radioactively labeled with [a-32 ?] dCTP (3000 Ci mmol~') by random primer extension (19) . Oligonucleotides were labeled with T 4 polynucleotide kinase and [7- 32 P] ATP (20) . Southern blot analysis Standard procedures were used for the isolation of human genomic DNA or cosmid DNA, restriction enzyme digestion and agarose gel electrophoresis (20) . DNA was transferred from gels to nylon membranes using the conditions recommended by the manufacturer. Membranes were hybridized at 65 °C under standard conditions and the membranes were washed to a final salt concentration of 0.2XSSC at 65°C (20) . When oligonucleotides were used as hybridization probes, both the hybridization and the washing temperature was 42°C. Northern blot analysis Total RNA was isolated from human testis and liver by the method of Chirgwin et al (21) . Poly (A + ) RNA was prepared from total RNA by chromatography on oligo (dT)-cellulose (22) . Northern blot analysis was performed essentially as described by Thomas (23) . The RNA was separated by electrophoresis on formaldehyde agarose gels, blotted onto nylon membrane, using the conditions recommended by the manufacturer, and hybridized overnight with ^P-labelled SHBG 1 cDNA disolved in 50% formamide, 5 XSSC, 50 mM sodium phosphate, pH 6.5, 5 xDenhardt's solution, 0.5 mg/ml denatured salmon sperm DNA (Sigma, St Louis, MO) and 1 % SDS at 42°C. The membranes were washed in 1 xSSC, 0.1% SDS at 42°C. The moist membranes were exposed overnight on XAR-5 film (Kodak, Rochester, NY) at -70°C, using an intensifying screen.
Isolation of human ABP cDNA clones
Following the method of Benton and Davis (24) , Fxo RI fragments of the SHBG I cDNA clone were used to screen plaques from a human testis cDNA library cloned in lambda gt 11. Positive clones were plaque purified and the phage DNA extracted from plate lysates by conventional methods (20) . The phage DNA was cut with Eco RI and Eco Rl/Stu I, and the fragments were isolated by agarose gel electrophoresis (20) . The restriction fragments of the inserts were cloned into M13 mpl8/mp 19. Cloning and analysis of the SHBG gene A human genomic library constructed in a loric cosmid vector was the gift of P. F. R. Little (Chester Beatty Laboratories, London, UK). In screening the library, 32 P-labeled SHBG 1 cDNA was used as a probe. Recombinant loric cosmid DNA was isolated from liquid bacterial cultures and purified as previously described (25) . The purified DNA was cut with several restriction enzymes and subjected to Southern blot analysis. A single Xba 1 fragment (4 kb), identified by hybridization with the ^P-labeled SHBG 1 cDNA probe was isolated and sequenced by the shotgun method (26) .
DNA sequence analysis
The dideoxy chain-termination method was used, with [a- 35 S]thio-dATP (600Ci mmol~') and Sequenase® , to sequence DNA cloned in M13 mpl8/mp 19 (27, 28) . Oligonucleotides were synthesized and used as primers to sequence regions for which the sequence had been determined on only one strand. Sequences were compiled and analyzed using computer software provided by R. Staden MRC Unit, Cambridge, UK (29, 30) . Primer extension analysis 5 /tg poly(A) + RNA was dissolved in 10 /d sterile water, and the RNA was denatured by the addition of 1 /tl 100 mM MeHgOH. After 10 min, 2 /d each of 0.7 M /3-mercaptoethanol (1.4 mmol) and RNasin (25 U) (Boehringer & Mannheim, Mannheim, West Germany) were added and allowed to react for 5 min. After addition of 1 /tl n Plabelled oligonucleotide A or B (4x 10 6 cpm; 1.6x 10 7 cpm/pmol), 25 /tl 1 M Tris-HCl, pH 8.3 (at 42°C), 3.5 /tl 1 M KC1 and 1 /tl 0.25 M MgCl 2 , the mixture was heated to 65°C during 2 min followed by a slow cooling to below 35°C. The primer extension reaction was commenced by the addition of 1 /tl 25 mM dNTP:s and 1 /tl AMV reverse transcriptase (10 U). The mixture was incubated at 42°C for 1 hour. The reaction was terminated by the addition of 1 /tl 0.5 M EDTA. The reaction mixture was extracted once with phenolchloroform (1:1) and ethanol precipitated. The precipitate was dissolved in 10 /tl of lOmM Tris-HCl, pH 8.0, 0.1 mM EDTA. The reaction products were analyzed on 6 % polyacrylamide denaturing gels as used for DNA sequencing (27, 28) . DNA sequencing reactions of characterized DNA fragments in M13 mpl8 served as size markers.
RESULTS
Analysis of SHBG transcripts in the testis.
Northern blots of poly (A + ) RNA from human liver and testis were probed with a previously characterized SHBG cDNA derived from human liver (5) . As shown in Figure  1 , in both organs there seems to be a transcript with a size of approximately 1.6 kb. In order to further characterize the testicular transcript, a human testis cDNA library constructed in lambda gt 11 was screened with the SHBG cDNA. Out of 10 6 plaques, nine hybridizing clones were isolated. By restriction mapping the positive clones could 
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He Figure 3 . Nucleotide sequence of the human testis cDNA encoding the SHBG gene related protein (SHBGgrp), presented in the 5' to 3' direction. The deduced amino acid sequence is shown using the three-letter code. Numbers to the right of the sequences indicate amino acid residues (upper) and nucleoddes (lower). The sequence differing from liver SHBG cDNA in the 5'-end is enclosed. The site of the frameshift generated by the splicing of exon VI to exon VIII is indicated by a star. The stop codon and a pdyadenylation signal sequence are underlined as is the complementary sequence of oligonucleotide B (indicated by the letter B).
be separated into two groups, designated testis SHBG and testis SHBG-gene-related protein (testis SHBGgrp). The clone with the largest insert in each group was sequenced as outlined in Figure 2 .
The sequence of the testis SHBG cDNA, which is 1112 bp long including a poly-A tail of 65 nucleotides (not shown), is identical to our previously described liver SHBG cDNA (5) with the following two exceptions: The testis cDNA is 41 bp shorter in its 5'-end and its poly-A tail starts four nucleotides closer to the stop codon than in the liver SHBG cDNA.
The sequence of the testis SHBGgrp cDNA is given in Figure 3 . It is 1005 bp long and has an open reading frame extending from the beginning of the sequence to a stop codon (TGA) in positions 865 -867 and thus coding for 288 amino acid residues. A comparison of the sequence with the longest published SHBG cDNA sequence, i.e. that of Hammond and coworkers (6) , reveals the following: The first 96 nucleotides of the SHBGgrp sequence are not present anywhere in the SHBG cDNA, nucleotides 97-837 correspond to nucleotides 49-789 in the SHBG cDNA, and the remaining nucleotides (838-1005) correspond to nucleotides 998-1165 of the SHBG cDNA. In the only open reading frame, i.e. the one starting on the first nucleotide, nucleotides 97 -835 of the SHBGgrp cDNA will be read in the same phase as in the SHBG cDNA but nucleotides 838-1005 will be read in a shifted phase giving rise to an entirely different and much shorter amino acid sequence than in the SHBG cDNA. There is no poly-A tail in the SHBGgrp cDNA but its sequence ends where the poly-A tail starts in our liver SHBG cDNA (5), which is 11 nucleotides earlier than in the cDNA of Hammond and coworkers (6) .
Cloning and characterization of the human SHBG gene
We failed to isolate human SHBG gene clones from genomic libraries constructed in lambda phage (two Charon 4A libraries and one EMBL 3 library were screened of a total of 2X10 6 individual clones i.e., more than 2xl0 10 bp). Screening 50X10 3 recombinants (>2xl0 9 bp) from a cosmid library yielded four hybridizing clones. The DNA was purified and subjected to restriction fragment analysis. Two of the clones showed identical patterns (SHBGg23 and SHBGg33), whereas the other two clones (SHBGg26 and SHBGg30) each had its own pattern. Southern blot analysis of Xba I digests of the clones SHBGg23, SHBGg30 and SHBGg33 all showed a single band of 4 kb hybridizing with both oligonucleotide A and oligonucleotide C, which are complementary to sequences in the 5'-end and the 3'-end of the SHBG cDNA, respectively. A fragment with the same size was seen when human leucocyte DNA was digested with Xba I and the Southern blot probed with the liver SHBG cDNA. Digestion of the fourth clone (SHBGg26) with Xba 1 yielded a 7 kb fragment that hybridized only to oligonucleotide C and it was concluded that SHBGg26 was a randclone.
The 4 kb Xba I fragment of SHBGg23 was isolated and sequenced according to the strategy outlined in Figure 4 . From 70 randomly selected subclones in M13 mp 18, a contiguous sequence of 3810 nucleotides was obtained ( Figure 5 ) with 96% of the sequence determined on both strands.
The coding part of the sequence consists of eight exons (exon I-exon VIII) separated by rather short introns devoid of any conspicuous features except for a sequence with similarity with the human Alu family of dispersed repeats (31) in intron six (nucleotides 2344 to 2651).
The first exon (exon I) codes for a typical signal peptide of 29 residues followed by 8 residues, which are the same as in the aminc-terminal of the published protein sequence (4) . The initiator methionine is encoded by nucleotides 361 -363, and the polyadenylation signal consists of the nucleotides 3536-3541.
The sequences of the exons differ from the liver SHBG cDNA sequence of Hammond et al. (6) (5) . This stretch of 28 enigmatic nucleotides can now be identified in the minus-strand of the gene (complementary to nucleotides 323-351 in the plus-strand, see Figure 5 ). The 5'-end sequence of our published cDNA (5) was thus an artifact, e.g. generated during the construction of the library. Nevertheless, it represents the most 5'-positioned sequence of a SHBG cDNA yet described.
Identification of genome DNA encoding the 5 '-end of testis SHBGgrp.
As can be seen in the gene sequence ( Figure 5 ), the whole testis SHBGgrp transcript except for the first % nucleotides is derived from exons of the SHBG gene (exon II-VI, exon Vm). In order to find the genomic DNA (exon I') from which the first 96 nucleotides of the testis SHBGgrp cDNA is derived, oligonucleotide B, which is complementary to a sequence in the 5'-end of the testis SHBGgrp cDNA (Figure 3) , was used to probe digests of the SHBGg23 clone. With Pst I a single hybridizing fragment of 0.6 kb was obtained. This fragment must have come from DNA localized 1.5 kb upstream of the translation start site in exon I, since a Pvu II digest of SHBGg23 yielded a 3.1 kb fragment hybridizing both with the above-mentioned oligonucleotide B and with oligonucleotide A, which is complementary to a sequence in exon I of the SHBG gene (see Figure 5) .
The Pst I fragment was isolated and sequenced on both strands (Figure 4 ). The sequence (635 bp) is shown in Figure 6 . The 96-nucleotide 5'-end of the testis SHBGgrp cDNA is recognized in positions 498-593. As no initiator methionine codon is present in the sequence of the Pst I fragment, at least one additional exon (a hypothetical exon 0) may exist further upstream in the genomic DNA.
Determination of sizes of the SHBG and SHBGgrp transcripts and their tissue distribution
Two oligonucleotides A and B, the first complementary to a sequence in the 5'-end of the SHBG mRNA and the other to a sequence in the 5'-end of the testis SHBGgrp mRNA, were used as primers in primer extension analysis with mRNA from liver and testis. Each oligonucleotide yielded a pattern of multiple extension products, which was identical with liver and testis RNA (Figure 7) . The results suggest that transcripts for both SHBG and SHBGgrp are formed both in liver and testis, and that for each protein the transcript has a variation in start site but is identical in the two organs. The sizes of the transcripts, not counting the poly-A tails, were calculated to range between 1.43 and 1.55 kb for SHBG, and between 1.12 and 1.19 kb for SHBGgrp. Potential mRNA start sites and promoter structure The lengths in the 5'-direction of the primer extension products for SHBG (obtained with oligonucleotide A) are indicated by markings above the genomic DNA sequence in Figure  5 . Whether the positions of the markings represent real mRNA start sites is not clear. There are no conventional promoter elements such as TATA, CCAAT, CACCC or GGGCGG upstream of nucleotide 157, which is suggested by the markings to be the 10 Figure 5 . Nucleotide sequence of the human SHBG gene The nucleotides are numbered from the Xba I restriction site and shown in the 5' to 3' direction. Each exon is numbered with a roman numeral and shown with its deduced amino acid sequence. The approximate positions corresponding to the lengths of the major primer extension products are marked (x) above the sequence. The sequence corresponding to the minus-strand of the previously described liver SHBG cDNA is indicated by a dotted line. The complementary sequences of oligonucleotides A and C are underlined and indicated by corresponding letters. In intron six a sequence, related to the human Alu family of dispersed repeats, is underlined.
transcription initiation site for the longest transcript ( Figure 5 ). It cannot be excluded, therefore, that there is an additional untranslated exon further upstream, which may have promoter elements in its 5'-flanking region. If so, the 5'-boundary of exon I must be somewhere between nucleotide 157 and 360.
In Figure 6 the lengths in the 5'-direction of the primer extension products for SHBGgrp (obtained with oligonucleotide B) are indicated by markings above the genomic DNA sequence. As already suggested, additional exons may exist further upstream and the 5'-boundary of exon I' is unclear. The markings may have been placed in an intron and not correspond to real mRNA transcription start sites. If so, the 5'-boundary of exon I' should be somewhere between nucleotide 310 and 497, if judged from the length of the primer extension products, and most likely between nucleotides 401 and 402 according to the consensus for the splice acceptor sequence (32). In that case, the putative first exon of SHBGgrp (exon 0) should contain no more than 92 nucleotides.
DISCUSSION
Northern blot analysis of liver and testis mRNA clearly showed that both organs contain 10  20  30  40  50  60  70  80  90  100  I  I  I  I  I  I  I  I  I  I  CCCTCCTTGGCCTCTC«^TCCGCAC«y^  100 ACAACT<rrCAKCAATCAGCTTGGAGAACAG 400 Pro GCTTGTGTGGGTGTCC^^ 500
ArqPh«Ly«GlyS«rProAlaV«J.L«uPh«Ly»L«uThrTyrAlflValIl«Thr<:yBPh«S«rL«uArgL«uThrHi«ProProArgProTrp CMTTCAAACGCTCCCCCIXAGTGCTTrTrAAATT^CATATtKACTMTAACCTGCTTTAGCCTCAGa^rCACTCAC^ 600 TTMCACCCTCAGCTCTGAAAGCTGTTTCCTCCAG Figure 6 . Nucleotide sequence of a Pst I genomic DNA fragment containing the alternative 5'-exon (exon I'). The sequence is shown in its 5' to 3' orientation. The 5'-end corresponds to a Pst I restriction site and the sequence ends with the 3' Pst I restriction she. The amino acid sequence is deduced from the testis SHBGgrp cDNA. The approximate positions corresponding to the lengths of the major primer extension products are marked (x) above the sequence. P-labelled oligonucleotide A or oligonucleotide B and primer extended with AMV reverse transcriptase. The products were subjected to denaturing polyacrylamide gel electrophoresis and autoradiographed. The size of the major products were determined by comparing with known fragment sizes of the genomic DNA. From left to right, the DNA ladders are T, C, G and A.
mRNA hybridizing with human SHBG cDNA, and that the mRNA is of the same size and is present in approximately equal amounts in the two organs. The size estimated from the northern blot (1.6 kb) is in acceptable agreement with the lengths of the mRNAs determined by primer extension analysis but somewhat smaller than the value 2 kb obtained for SHBG mRNA extracted from human liver and Hep G2 hepatoma cells and detected by probing with a 32 P-labeled oligonucleotide (35) . Rat ABP mRNA has a size of 1.60 to 1.65 kb (17, 33, 34) .
The demonstration of a correctly sized mRNA in testis hybridizing with liver SHBG cDNA, and the presence of a cDNA in a testis library with a sequence identical to that of liver SHBG cDNA, strongly suggests that the testis cDNA characterized here represents the protein commonly referred to as ABP.
Several previous studies have shown that the plasma protein SHBG and the ABP produced by Sertoli cells have many characteristics in common.The two human proteins have been shown to react with the same monospecific antiserum raised against human SHBG (16) , and monoclonal antibodies raised against rat ABP crossreact with human SHBG (36) . The primary structure of rat ABP is 68% identical to human SHBG (18) . Hybridization studies on cDNAs for rat ABP, human SHBG, and human ABP indicate that the two human cDNAs are more similar to each other than to the rat cDNA (33) . Both human ABP and human SHBG are resolved into two bands, named the heavy and the light protomer (10, 16) , when analyzed on SDS-PAGE. There are also differences between SHBG and ABP, however. The sizes of the protomers differ slightly between the two proteins, and human plasma SHBG binds quantitatively to concanavalin A while human testis ABP exists in two forms, one binding to concanavalin A and the other not. SDS-PAGE reveals that both forms of ABP have subunits with two slightly different sizes which also SHBG has, but the sizes of the subunits of the two forms of ABP and their proportions are not exactly like those in SHBG. Furthermore, peptide mapping of human ABP and human SHBG has shown the form of ABP that does not bind to concanavalin A to differ from SHBG in some peptides, whereas the ABP that does bind to concanavalin A has a pattern that is more similar to that of SHBG (16) . Two forms of ABP with similar properties have also been demonstrated both in the rat (37) and in the rabbit ( 37, 38) . The differences observed between ABP and SHBG may be explained by differences in glycosylation, a hypothesis supported by deglycosylation experiments with rat ABP (39, 40) .
Although the testis cDNA characterized in this work is not a full-length (it begins in exon ff) and has a polyadenylation site different from that of the liver cDNA, it would appear that the protein backbones of the liver secreted SHBG and Sertoli cell secreted ABP are identical. If so, the chemical differences between the two proteins, referred to above, would be due to tissue-specific posttranslational modifications.
Comparison of the 5'-flanking sequences of the human SHBG/ABP and rat ABP mRNAs reveals a 67% identity in the first 36 nucleotides upstream from the start codon (ATG). This part corresponds to the non-translated leader sequence of rat ABP mRNA (41) . Further upstream the similarity decreases to the random level.The region coding for the signal peptide in human SHBG consists of 87 nucleotides coding for 29 amino acids with a sequence typical for signal peptides. There is a central core dominated by non-polar amino acids, including a sequence of 10 contiguous leucine residues. In the rat ABP signal peptide, which is 30 amino acid residues long, the corresponding part has 8 leucines.
In the screening of the testis cDNA library with the liver SHBG cDNA as probe we found a second cDNA that differs from the testis SHBG cDNA. A genomic DNA sequence coding for the 5'-end of this cDNA is located 1.5 kb upstream from the SHBG/ABP start codon. Part of the primary structure that may be deduced for the putative protein coded for by the alternative transcript is identical to that of human SHBG/ABP, and part of it is completely different (Figure 8) . The putative protein, here called SHBG-gene-related protein (SHBGgrp) should have 247 amino acid residues in common with SHBG/ABP but differ otherwise (Figure 8) . Depending on the length of the nontranslated leader sequence of the SHBGgrp transcript there should be a different amino-terminal of unknown length and the protein should be 109 residues shorter than SHBG/ABP in its carboxy-terminal region. Also theoretically, it should lack the two cysteine residues that have been proposed to form a disulfide loop in SHBG (4, 5) . The protein probably has no steroid binding ability as it lacks the sequence encoded by exon VII, a part of the SHBG molcule that has been shown to participate in the steroid binding (2, 12, 42) .
A striking analogy to the alternative splicing of the SHBG/ABP gene is found in the rat P-450 enzyme PB 1. Two forms of cDNA have been demonstrated for this enzyme (43) . One contains 9 exons, the other 8; exon number 8 in the first form, which is known to carry part of the heme-binding domain, is deleted in the second form. Furthermore, as a result of the splicing of exon 7 to exon 9, there is a shift in the reading frame which produces an earlier appearing stop codon. The putative protein coded for by this nucleotide sequence is therefore truncated in its carboxy-terminal end as compared to the first enzyme protein; it thus lacks heme-binding capacity and does not function as a P-450 monooxygenase (43) .
The result of the genomic Southern blot analysis makes the presence of more than one copy of the human SHBG/ABP gene improbable, which is in accordance with the single copy of the rat ABP gene (41) .
The organization of the human SHBG gene is almost identical with that of the rat ABP gene (41) . Both have the same number of exons and introns. With two exceptions, the introns of the two genes are of about the same length. Intron five is three times longer in the rat gene, and intron six in the human gene is twice the length of the corresponding rat intron. The exon/intron boundaries in the SHBG gene are located at exactly the same positions as in the rat ABP gene when the cDNA sequence is used as reference, and the sequences around the splice junctions are very similar in the two genes. No distinct TATA or CAAT boxes have been identified in the 5'-end of the human or the rat gene. Another shared feature is GA-rich and CT-rich clusters in the 5'-flanking region. But the somatostatin cAMP related regulatory element proposed to be present in the rat ABP gene (41) is not found in the human SHBG gene.
We have not been able to elucidate the regulation of the transcription of SHBG/ABP and SHBGgrp. If testis SHBGgrp is regulated by distinct promoter elements, one or more additional exons (exon 0) must exist further upstream from exon I' (Figure 8) . Promoter elements may then be present 5' to this putative exon, and both the SHBG/ABP and the SHBGgrp transcripts may be regulated from this region. This would explain the lack of conventional promoter elements in the 5'-flanking region of the first SHBG/ABP exon. An alternative interpretation of the sequence data for SHBGgrp is that the alternative exon I' is the first exon, which is a part of a non-translated leader sequence, and that the translation start codon is the first methionine codon in the second exon (exon II of the SHBG gene, nucleotides 667-669 in Figure 5 ). Since no distinct promoter element is found 5' to the longest transcript deduced from the primer extension experiments, the transcription may be promoted by other means analogous to those discussed for 'house-keeping' proteins (44).
